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SPECIFICATION 

Method and apparatus for the heating of a 
5 duct 

This invention relates to the heating of a gran- 
uJar, comminuted soBd, or viscous product, 
and is concerned more particularly but not ex- 
10 dushrety to the heating of a food product 
which tends to become "burnt" when part of 
the product is subjected to excess heat. 

The invention ts however particularly appi- 
cabie to the cooking of shredded cheese in 
15 the manufacture of processed cheese, and the 
rrverrion wfll be described with reference to 
this appicatJon, 

)h the traditional method of manufacturing 
processed cheese, the raw cheese is shredded 
20 w a mincer and then heated in batches in a 
kettle or autoclave by infection of steam into 
the kettle. The heating chamber in the kettle 
is substantial spherical and the steam is in- 
jected through nozzle which project into the 
25 interior of the heating chamber, and the 
cheese is agitated by a power driven stirrer 
while the steam Ss being introduced into the 
heating chamber. The fWng and em p tying of 
the kettle for each batch of cheese Ss labour 
30 intensive. Also, particular care must be taken 
in cleaning out the nozzles since, when steam 
is cut off at the end of the cooking operation, 
the steam remaining in the nozzles condenses 
and creates a vacuum which draws cooked 
35 curd into the nozzles. When the steam is 
turned on again In the next cooking operation, 
the steam tends to burn any cheese inside the 
nozzles and then ejects the burnt cheese into 
the heating chamber where it mixes with the 
40 fresh cheese of the next batch. Any burnt 
cheese in the kettle tends to taint the remain- 
ing cheese with a burnt flavour. 

h is known to cook shredded raw cheese m 
a continuous operation in the manufacture of 
45 processed cheese, by passing the raw cheese 
in a continuous flow through a heat exchanger 
which is heated by steam. The cheese flows 
along a cylindrical heating surface on a metal 
tube which is in contact with steam, h is 
50 however necessary to scrape the cheese con- 
tinuously off the heating surface, usuafty by 
rotating blades, since otherwise cheese is 
burnt onto the heating surface. 
The object of the present invention is to 
55 provide an improved method and apparatus 
for heating a granular, comrnunrted so&d, or 
viscous product in a continuous operation 
which avoids the above described disadvan- 
tages of heat exchange surfaces. 
60 According to the present invention there is 
provided a method of heating a granular, com- 
munrted solid, or viscous product, comprising 
passing the product continuously through a 
chamber, injecting steam into a chamber, and 
65 mechanically stirring the product in the cham- 



ber white the steam is being injected. 

In the method of the invention, the heating 
chamber may be made of a low heat-conduct- 

70 with an internal fining of such matenaJ, and 
the steam injected through openings in the 
wan of the chamber. There is then little or no 
risk of the steam heating the waO of the 
chamber to a temperature which could cause 

75 burning of the product. The chamber can 
however conveniently be made of metal, for 
example stainless steel, and the steam in- 
jected into the chamber through nozzles made 
of a low heat-conducting material. An example 

80 of such material is polytetrafluoroethylene mar- 
keted under the Registered Trade Mark Teflon. 
The ends of the nozzles can conveniently be 
flush with the inside surface of the chamber, 
and since the nozzles are of low heat-conduct- 

85 ing material there is no risk of the wan of the 
chamber surrounding the nozzles attaining a - 
high temperature due to conduction. 

The heating chamber is preferably elongated 
and the steam injected into the chamber at 

90 spaced intervals along the chamber, so as to 
heat the product pro gressiv ely during passage 
along the c ha mber. In a preferred embodiment 
the heating chamber com p rises a cylinder hav- 
ing a length which is several mu lti pl es of its 

95 diameter, and the product is stirred by a rotor 
having vanes which are spaced dose to the 
inside surface of the cyfinder. 

The temp e r a ture of the product is preferably 
measured at or adjacent the cSscharge end of 
100 the heating chamber, and the rate of supply of 
steam into the chamber regulated in accor- 
dance with said te m pe rat ure so as to maintain 
the temperature of the product at a predeter- 
mined value. 

105 Embedments of the invention win now be 
described, by way of example, with reference 
to the accompanying drawings, in which: 

Figure 1 is a diagrammatic representation of 
a flow fine for the manufacture of processed 

110 cheese, which includes a cooker for heating 
the cheese in accordance with the method of 
the invention. 

Figure 2 is a cross section through the heat- 
ing tube of the cooker and showing one of 

115 the steam injectors in longitudinal section, and 
Figure 3 is a cross section of another con- 
struction of cooker for heating cheese in ac- 
cordance with the method of the invention. 
In the flow Hne shown in Fig. 1, the raw 

120 cheese for the manufacture of processed 
cheese is supplied from a source 10 of new 
natural cheese, a source 11 of semi-matured 
cheese (for example cheese which has ma- 
tured for about three months), and a source 

1 25 1 2 of fully matured cheese. Cheese from the 
three sources 10, 11, 12 Is fed in any desired 
proportions to a mincer 13 of any suitable 
construction which shreds the cheese, and the 
shredded cheese is then fed to a mixer 14, 

130 for example a Z-arm mixer, where the 
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shredded cheese is mixed with emutsffier, saft, 
colouring matter, water, and any desired other 

mixture is then fed to the cooker 15 where 
5 the mixture Is heated to a melting temperature 
of approximately 85 C The heated cheese is 
fed selectively to equipment 16 for ItHng con- 
tainers, or to a casting extruder 17 or to an 
indwtdualy wrapped sic*, extruder 18. The 
10 output from the extruders 17 and 18 are fed 
to wrapping equipment 19. The equipment 
and extruders 16, 17, 18, 19 can be of any 
suitable conventional construction. 
The cooker 15 comprises a heating tube 20 
15 fitted with a pluraity of steam injectors 21 at 
spaced intervals along the tube 20, a manifold 
22 for supplying steam to the injectors, a ro- 
tor 23 |Rg. 2) rotatabty mounted in the heat- 
ing tube 20 and driven by an electric motor 
20 24, a constant dfcptoce m ent rotary pump 25 
(Tor example a "Mohno" pump) for feeding a 
continuous supply of cheese mixture to the 
inlet end 26 of the heating tube, an auger 
type feeder 2T for feedfeg the cheese mixture 
25 to the pump 25, the feeder 27 and pump 25 
being drivabfy connected to one another, and 
a variable speed motor 28 for driving the au- 
ger feeder 27 and pump 25. 
The heating tube 20 comprises a stainless 
30 steel cyinder having a length which is several 
multiples of its dfameter, for example the cyl- 
inder may have a diameter of 100 mm and a 
length between 500 mm and 1000 mm. The 
rotor 23, shown in Fig. 2, extends the fufl 
35 length of the tube 20 and comprises a central 
shaft 30, three longitudinal vanes 31 arranged 
at equal distances around the shaft 30 and 
paraflet thereto, and nxfial vanes 32 extencSng 
between each vane 31 and the shaft 30. The 
40 vanes 3 1 are spaced dose to the inside sur- 
face of the tube 20, and the vanes 32 are 
offset relative to one another along the shaft. 

Each steam injector 21 comprises a tubular 
metal casing 35 formed in four sections 36, 
AS 37, 38, 39 screwed together end to end as 
shown in Fig. 2, and an end cap 40 screwed 
onto the outer end of the section 36 which 
forms one end of the casing, the end cap 
having a central aperture 41: A tubular insert 
50 42 formed of Teflon has an external annular 
flange 43 clamped by the end cap 40 against 
the outer end of the section 36, the insert 
projecting through the central aperture 41 in 
the end cap. A valve member 44 also formed 
55 of Teflon is axially movable in the section 36, 
and a valve adjuster 45 is screwed into the 
section 39 at the other end of the casing, the 
valve adjuster 45 having a handle 46 and be- 
ing connected by a rod 47 to the valve mem- 
60 ber 44. The rod 47 extends through a stuffing 
box 48 formed by the section 38 of the cas- 
ing. The section 37 of the casing is formed 
with a socket 49 for connection to a steam 
pipe. TJfia outer end of the Teflon tubular in- 
65 sen 4T forms a nozzle 50 for discharge of 
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steam from the interior of the casing 35, and 
the inner end of the insert 42 forms a valve 

on the valve member 44 to regular supply of 
70 steam to the nozzle 50. 

The heating tube 20 is provided with aper- 
tures 55 spaced along its length for reception 
of the nozzles 50 of the steam injectors 21 as 
a dose fit. The end caps 40 on the injectors 
75 are welded to the tube 20 with the central 
aperture 41 in each end cap afigned with one 
of the apertures 55 in the tube 20. The 
nozzles am d w nen si oned so that their outer 
ends are s ub st antfe iy flush with the inside 
80 surface of the tube 20. 

In operation, the motors 24, 28 are driven 
at a consta nt speed, dry steam is supplied 
under pressure to the mantfold 22, and 
shredded cheese mixture b suppled to the 
85 auger type feeder 27. The pump 25 forces 
the sh redded cheese mixture at a constant 
rate through the heating tube 20, the steam 
discharges into the tube 20 from each of the 
nozzles SO, and the rotor 23 circulates the 
90 cheese within the tube so that the cheese is 
heated progressively as it flows along the 
tube. Since the nozzles are made of Teflon 
which has a low heat conductivity, the nozzles 
and the wai of the tube surrounolng the 
95 nozzles remain at a temperature a ppre cia bly 
below that of the steam so that there is frttte 
or no risk of the ch e ese being burnt onto the 
nozzles or onto the wall of the tube. The tem- 
perature of the cheese being discharged from 
100 the tube 20; usuaty at appro ximat ely 85*C, 
may be regulated by turning the handles 46 
on the steam injectors so as to regulate the 
rate of supply of steam to the tube. Alterna- 
tively the speed of the pump 28 may be ad- 
105 justed to regulate the rate of How of the 
cheese through the tube. 

The cooker shown in Fig. 3 comprises a 
heating tube GO mounted in an upright post- 
tion, a hopper 61 positioned directly above" 
110 the heating tube 60 and having a tapered out- 
let portion 62 which leads into and is integral 
with the upper end of the heating tube 60, 
and a rotor 63 mounted in the heating tube 
and hopper. The lower end portion of the ro- 
115 tor 63 is stmSar to the rotor 23 in the em- 
bodiment of Rgs. 1 and 2 and comprises a 
centre! shaft 64 and longitudinal vanes 65 
connected to the shaft 64 by radial vanes 66, 
the vanes 65 being spaced close to the wall 
120 of the heating tube 60. The upper end portion 
of the rotor consists of the shaft 64 fitted 
with an auger 67 which extends upwards Into 
the tapered outlet portion 62 of the hopper. 
The upper end of the shaft 64 is mounted in 
125 bearings 68 at the top of the hopper, and the 
lower end of the shaft is mounted in a thrust 
bearing located on a support block 70. The 
support block 70 has an annular flange 71 
which is clamped against the lower end of the 
130 tube 60 by a coflar 72 screwed onto the tube 
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60. The support block 70 has tongrtudna! 
bom 73 for passage of the heated cheese 
electric Footer 7-4 ?* #Jfe*^vv> ^^^^^ ^ 
upper end of tne snen 64 by a be* 75. 

The heating tube 60 is fitted with steam 
injectors 21 identical to the steam mjectors 
21 In the embodiment of Figs. 1 and 2, the 
injectors being shown only in dbgramm at ic 
form in Rg. 3. The steam injectors are con- 
nected to a common mavMd 22 suppled 
with dry steam under pressure from a pk>e 76 
fitted with a conventional conden sate trap 77. 
As in the embodiment of figs. 1 and 2, each 
steam injector has a nozzle formed of Teflon, 
the outer end of the nozzle being flush with 
the inside surface of the heating tube 60, and 
each steam Injector has a valve adjustable by 
a handte 46 for regulating the rate of supply 
of steam through each nozzle. 

In operation, the rotor 63 is driven by the 
motor 74. steam b suppled to the manifold 
22, and shredded cheese mixture is suppled 
to the hopper 61. The auger 67 foods the 
cheese into the tube 60, the steam di scha rge s 
into the tube 60 from each of the nozzles of 
the steam injectors, end the auger and rotor 
circulate the cheese within the tube, as m the 
embodiment of Figs. 1 and 2. 

The lower end of the heating tube 60 is 
fitted with a temperature probe 78 for mea- 
suring the temperature of the cheese being 
Discharged from the lower end of the tube, 
and the steam pipe 76 Is fitted with a valve 
79 and control means 80 operable to regulate 
the quantity of steam suppled to the manifold 
22 in accordance with the temperature mea- 
sured by the probe so as to maintain the tem- 
perature of the cheese being discharged from 
the cooker at a substantially constant value. 



rotor having vanes spaced dose to the Inside 
surface of the cyinder. 
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CLAIMS 

1. A method of heating a granular, commi- 
nuted soBd, or viscous product, comprising 
passing the product continuously through a 
chamber, injecting steam into the chamber, 
and mechanicatfy stirring the product in the 
chamber while the steam is being injected. 

2. A method as claimed in QaSm 1, 
wherein the steam is injected into the cham- 
ber through nozzles formed of material having 
a low heat conductivity, such as potytetrafiuo- 
roethylene. 

3. A method as claimed in Claim 2, 
wherein the ends of the nozzles are substan- 
tially flush with the inside surface of the 
chamber. 

4. A method as claimed in any of claims 
1-3, wherein the chamber is elongated and 
the steam is injected at spaced intervals along 
the chamber, so as to heat the product pro- 
gressively during passage along the chamber. 

5. A method as claimed m Claim 4, 
wherein the chamber comprises a cylinder 
having a length which is several multiples of 
its diameter and the product is mixed by a 



105 



110 



115 



120 



wherein the product is fed by a pump to the 
70 inlet end of the chamber, the pump generating 
a pressure in the product sufficient to force 
the product through the chamber. 

7. A method as claimed in Claim 6, 
wherein the product is fed kite the chamber 
by a constant emplacement pump, the speed 
of which it variable to control the mass rate 
of flow of the procfcjct through the chamber. 

aA method as claimed in OaJrn 5, 
wherein the chamber is in an upright position 
and the product Hows through the chamber by 
gravity. 1 

9. A method as claimed in any of claims 
1-8. comprising measuring the temperature of 
to product at or adjacent the discharge end 
of the chamber, and regulating the supply of 
stearnto the chamber in a cco r da nce with said 
temperature so as to maintain the temperature 
substantia** « a predetermined value. 
« !?V A "?? h ? d M cfaimcd * any of claims 
V" 9 ' * **** *• Product is a shredded 
cheese mixture and is heated to a temperture 
sufficient to melt the cheese mixture. 

irAcooker suitable for heating a granu- 
lar, comminuted soid, or viscous product, in 
accordance with the method of Ctafrn 1, the 
cooker comprising a heating tube open at the 
ends thereof for passage of the product there- 
through, means for forcing the product 
through the heating tube, steam injectors for 
supplying steam to the interior of the cham- 
ber, and a power driven rotor operable to cir- 
culate the product within the chamber during 
passage of the product along the chamber. 

12. A cooker as claimed in Oawn 11, 
wherein the steam injectors have nozzles for 
discharge of steam, and the waf of the heat- 
ing tube has apertures through which the 
nozzles extend, the nozzles being formed of 
material having a low heat conductivity, such 
as poiytetrafkxKoethylene. 

13. A cooker as claimed in Clam 12. 
wherem the steam injectors are spaced along 
the length of the heating tube. 

14. A method of heating a granular, conv 
rmnuted sofid. or viscous product, substantially 
as hereinbefore described with reference to 
any of the accompanying drawings. 

15. A cooker suitable for heating a granu- 
lar comrrwnuted soBd. or viscous product in 
accordance with the method of Claim 1. sub- 
stantially as hereinbefore described with refer- 
ence to Figs. 1 and 2 or Rg. 3 of the accom- 
panying drawings. 
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